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Summary
Rangelands occupy 25% of the total land surface globally. 
In Africa, rangelands are estimated to cover 66% of 
the land surface, although there are variations from 
country to country. In Eastern Africa, for example, land 
surface coverage of rangeland areas varies from 44% in 
Uganda and 65% in Ethiopia to 74% in Tanzania and over 
80% in Kenya. Rangelands have environmental, social 
and economic benefits, including support to national 
economies through tourism and employment.
In Kenya, tourism, much of which is attributed to 
rangelands, accounts for 13% of the gross domestic 
product. In Tanzania, tourism contributed 9.0% of the 
total GDP, supporting 26% of total exports, 8.2% of the 
total employment, and 8.7% of total investment in the 
year 2017. Despite their benefits, rangelands are under 
threat of continued degradation driven by anthropogenic 
and natural causes. Natural causes of rangeland 
degradation include climate change and variabilities, 
Photo: CIAT
aridity and desertification, drought, as well as alien 
species invasion. Anthropogenic rangeland degradation 
can manifest through agricultural activities and 
associated developmental practices, overstocking and 
overgrazing, as well as breakdown of social structures 
and government policies/by-laws. 
Continuous overgrazing and overstocking not only affect 
soil physical (compaction, breakdown of aggregates) but 
also chemical (soil pH and salinization, nutrient leaching, 
diminishing organic matter content), and biological 
properties. These decrease rangeland production 
potentials. However, numerous strategies to arrest and 
remedy rangeland degradation, such as rangeland  
re-vegetation, water harvesting, soil surface scarification, 
and livestock grazing management are available. This 
report addresses rangeland degradation and potential 
control measures with a strong focus on soil aspects.
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Introduction
Rangelands refer to pristine or natural ecosystems in 
the arid or semi-arid areas predominantly occupied by a 
diversity of vegetation involving grasses, forbs, shrubs, 
and grass-like plants; and are primarily suited for grazing 
(Zerga, 2015). Rangelands represent the largest land 
resource globally, accounting for about 25% of the total 
land surface (Liebig et al. 2006; Alkemade et al. 2013, 
Zerga, 2015). These constitute approximately 30% of the 
total land surface in the United States of America (Sobecki 
et al., 2001), 80% of Australia (Dean et al., 2012; Guerin 
et al., 2017), and 40% of China (Miller, 2002). In Africa, 
66% of the total area is covered by rangelands (Nalule, 
2010), with approximately 65% in Ethiopia (Awgachew 
et al., 2015), 74% in Tanzania (Mwilawa et al., 2008; Rija 
et al., 2013), 44% in Uganda (Nalule, 2010) and over 80% 
in Kenya (Nyariki, 2004); providing both ecologically and 
socio-economically beneficial ecosystem goods and 
services (Liebig et al., 2006). 
Besides the provisioning of fodder for livestock as their 
primary function (Zerga, 2015), rangelands support 
livelihoods through provisioning of food, involving 
meat, milk and other animal products, the generation of 
income through sale of such products (Asner et al., 2004), 
and biodiversity conservation. Rangelands promote 
global biodiversity through hosting a myriad of species, 
alongside providing critical ecosystem connectivity 
(Cameron et al., 2014). In addition, rangelands also 
influence several ecosystem processes and functions 
(Schlesinger et al., 1990), not only involving carbon 
sequestration and air purification, but also nutrient 
cycling (Powell et al., 1996); with compounding beneficial 
impacts on environmental qualities at numerous spatial 
scales. 
Tourism is a key opportunity of rangelands that 
strengthens the economy, promotes social interactions 
and increases the employment and income of pastoral 
communities. Contributions of tourism activities within 
the rangelands has had unrivalled positive economic 
impacts. In China, for example, rapid developments 
recorded within the tourism industry have spurred 
economic growth (Atherinos, 2003), with previous reports 
estimating annual tourism income at USD824, animal 
husbandry income at USD3,296, and income paid to 
herders for renting rangelands amounting to USD18,000 
per household for 70 years, with self-employed pastoral 
households receiving almost 3, 000 tourists annually (Fan 
et al., 2015). In some countries within Eastern Africa, for 
instance in Kenya, tourism accounts for 13% of the total 
GDP. In Tanzania, tourism contributed 9.0% of the total 
GDP, supported 26% of total exports, provided 8.2% of 
the total employment and 8.7% of total investment in 
the year 2017 (WTTC, 2018). The annual economic return 
from tourism was approximated at USD900 to 1.2 billion 
in Tanzania (Aboud et al., 2006; Notenbaert et al., 2012). 
Other economic interests in the rangelands include 
mining, meat, and wool production (Myers et al., 2004).
Globally, rangeland degradation – an aspect attributable 
to both anthropogenic and natural causes – is the 
major threat affecting grazed rangelands (Zerga, 2015). 
Chrisholm and Dumsday (1987) define rangeland 
degradation as irreplaceable decline in either utility 
or potential utility of the rangeland ecosystems or 
the irreplaceable change in the rangeland ecosystem 
features. Illius and O’Connor (1999) define rangeland 
degradation as processes limiting the capacity of 
the rangeland ecosystems to support both primary 
productivity and livestock production. Dregne (2002) and 
Richardson et al. (2005) described rangeland degradation 
as measureable deteriorations in the production of 
belowground and aboveground biomass, reduction in soil 
carbon storage, decline in soil quality, water infiltration as 
well as water holding capacity. 
Based on the above definitions, rangeland degradation 
refers to the deterioration of rangeland status manifested 
through reduction in actual and potential utility of the 
rangeland resources, decline in rangeland ecosystem 
and soil quality, productivity and biological diversity, 
with subsequent limitation on the capacity to store 
carbon, hold water, and support primary productivity 
and livestock production. Rangeland degradation can 
take many forms, such as salinization and alkalinization 
(Wang et al., 2003), desertification, moisture fluctuations 
due to intense evapotranspiration (Zeng and Yang, 
2008), grass cover fragmentation, declining soil fertility, 
nutrient depletion, soil erosion and reduced rangeland 
productivity (Mussa et al., 2016), or a combination of 
these.
The main drivers of rangeland degradation comprise 
anthropogenic and natural factors (Mussa et al., 2016). 
Natural variables responsible for rangeland degradation 
include climate change, aridity and desertification, 
drought, bush encroachment, among others (Oba et al., 
2000; McNeely, 2004; Abate et al., 2012; Mussa et al., 
2016). Amongst the anthropogenic factors, overstocking/
overgrazing, population pressure, government policies, 
decline in traditional resource management institutions 
as well as changes in land use systems have been 
associated with rangeland degradation (Mussa et al., 
2016). 
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Aim and scope
This document highlights causes, consequences, and 
remedies to rangeland degradation globally. Major 
emphasis is pegged on the American, Asian, and  
sub-Saharan African rangelands. We focus on rangelands 
as areas used for grazing; they consist of savannahs, 
grasslands, shrublands, and woodlands.
Peer-reviewed journals and publications on rangeland 
degradation were retrieved using Google Scholar 
search engine, by searching for the following keywords: 
{Rangelands, Rangeland degradation, causes of rangeland 
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degradation, consequences of rangeland degradation, 
monitoring and evaluation of rangeland degradation, 
remedies of rangeland degradation, rangeland restoration, 
effects of rangeland degradation on soil chemical properties, 
social and economic benefits of rangelands}. Searching 
was initially restricted to new publications (2008 to 
2018). However, where new publications provided little 
information on rangeland degradation, the search was 
extended backwards to capture older publications.
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Causes of rangeland degradation
Overgrazing
Overstocking, and associated overgrazing, is often cited 
as the major cause of rangeland degradation. It is driven 
by social prestige and wealth attached to livestock as 
well as population increase in the rangelands (Harris, 
2010). Overgrazing is defined as repeated heavy grazing 
over several years that result in deterioration of the 
plant community and a decline in the vigor, production, 
and biodiversity of rangelands (Teague et al., 2011). 
Overgrazing can occur following prolonged intensive 
grazing with limited recovery periods, thus suppressing 
livestock productivity, biomass production, and 
increasing vulnerability to erosion (Ralphs et al., 1990; 
Keba et al., 2013). In other words, overgrazing takes place 
when the rangeland vegetation is not given enough time 
in between grazing events. It is the failure to remove or 
rotate animals – any number of animals – in harmony 
with forage growth (Price, 1999). Importantly, thus, 
timing and grazing management, not numbers, are the 
critical factors. 
High livestock densities and lack of rotation intensify 
pressure on rangelands due to increased soil compaction 
by the livestock, over-browsing and overgrazing, making 
rangelands vulnerable to soil erosion and nutrient 
depletion (Ralphs et al. 1990). Excessive removal of plant 
leafy biomass in overgrazing compromises regrowth 
of plants and the associated primary productivity (Li et 
al., 2013). Progressive but steady decline in vegetative 
plant biomass following overgrazing not only suppresses 
livestock productivity through diminishing important 
livestock forage biomass, but also increases vulnerability 
of rangelands to water and wind erosion (Hiernaux et 
al., 1999). Besides, continuous removal of vegetation 
also alters the floristic composition and diversity of 
herbaceous species (Hiernaux et al., 1999; Angassa, 
2014), favours spread and establishment of non-
palatable and low-quality forage species, and further 
deterioration of rangelands ecosystem status. Declining 
soil nutrient status hinders forage vegetative biomass 
production, reduces fodder nutritive value (Keba et al., 
2013), lowers rangeland productivity and ultimately 
decimates livestock productivity. 
Overgrazing in the rangelands predisposes enabling 
conditions for pest invasions (Bai et al. 2002). Increased 
populations of Pika (Ochotona curzoniae) rodents 
enhanced rangeland deterioration in China (Arthur et 
al. 2007), reducing rangeland regenerative capacities 
(Xiaolei, 1998; Liu et al., 2008) and suffocation of 
important forage vegetation by heaping of soils in the 
process of digging holes (Li et al., 2013). Rodent holes 
ranging from 2183 to 4423 holes per hectare, which are 
way beyond the maximum threshold of 64 holes, were 
reported for southern Qinghai rangelands of China 
(Zhenyu and Xiaolei, 2002). These threaten soil stability 
(Liu et al., 2003), reduce vegetation density and alter 
community composition of dominant important plant 
species (Feng et al., 2006), compromise the rangelands’ 
regenerative capacities, and increase the vulnerability of 
rangelands to soil erosion (Xiaolei, 1998). 
Climate change and variability
Climate change is a major contributor to rangeland 
degradation through its effects on ecological dynamics 
of these systems (Oba et al. 2000; Mao et al. 2008). 
Changes in climate include increased temperatures and 
evapotranspiration, changes in rainfall patterns and 
amounts and in the available water resources. Increasing 
temperatures associated with corresponding reductions 
in precipitation and increased evaporation have large 
potential to trigger drought and desertification. The 
resultant moisture deficits (Li et al., 2000), consequently, 
decimate forage availability and quality. 
Climate change is influencing pastoral mobility trends 
– locally and in trans-border areas – as pastoralists 
transcend Eastern Africa borders in search of better 
pastures and resources (Mussa et al., 2016). This is a 
result of extensive droughts in different parts, causing 
progressive decline in vegetation quantity and quality, 
and inadequacy of water (Kassahun et al., 2008; Mussa 
et al., 2016). Such droughts decimate livestock numbers 
with percent mortality rates, commonly 50-75% (Njoka, 
1979; Willis, 1999; UNEP GoK, 2006). The associated 
deterioration in poverty levels and susceptibility of 
rangeland-based livelihoods (Hoffman and Vogel, 2008) 
contributes to increased rangeland degradation. As with 
overgrazing, climate change can exacerbate proliferation 
and spread of alien species in the environment, with 
increased chances of causing rangeland deterioration 
(McNeely 2004). Unfortunately, droughts, a key 
phenomenon of climate change, have become common.
Invasive/alien species and bush 
encroachment
Invasive species command much concern with respect 
to rangeland degradation. In sub-Saharan Africa, 
increased rates of expansion of Prosopis juliflora has, 
for example, been recorded in Ethiopia (Mehari, 2015). 
These species may encroach rangelands by rapidly 
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spreading and establishing into new sites (Mussa et al., 
2016). The common indigenous plant species known 
for bush encroachment comprise the Acacia family 
and include Acacia melifera, Acacia senegal, Acacia seyal, 
Acacia drepnolobium and Commiphora africana (Angassa 
and Oba, 2008). Bush encroachment, in combination 
with invasive plant species, not only suppresses forage 
availability for livestock but also incurs increased 
management costs. 
Encroachment of bushy and woody species into 
rangelands has been linked to increased soil compaction 
that hinders proper establishment of herbaceous forage 
(Kassahun et al., 2012), compromised water infiltration, 
reduced build-up of soil organic carbon (Li et al., 2016), 
and reductions in pasture productivity (Eldridge et al., 
2011). On the contrary, the invading shrubs increase 
carbon and nitrogen storage above- and belowground, 
and also overall net primary productivity, albeit not of 
desired forage/pasture type. 
Breakdown of traditional governance 
systems and unsuitable government 
policies/by-laws
A large proportion of rangelands in Africa are communal 
and these are managed through traditional governance 
structures that constitute and enforce norms and values 
of their sustainable use (Omondi and Odhiambo, 2009; 
Mussa et al., 2016). However, the emphasis on formal 
governance structures has promoted the breakdown 
of traditional institutions and weakened their capacity 
to manage rangeland-associated problems (Omondi 
and Odhiambo, 2009). Many experts argue that 
several policies and by-laws have greatly infringed the 
customary land rights and undermined pastoral land 
tenure systems that championed sustainable natural 
resource management (Omondi and Odhiambo, 2009; 
Selemani, 2014; Mussa et al., 2016). Such policies include 
state-sponsored resettlement schemes targeting 
rangelands, mostly perceived as vast and idle lands 
(Mussa et al., 2016). Changes in land tenure and resource 
management policies result in degradation, especially on 
communal rangelands (Tefera et al., 2002). Disorganized 
settlement patterns, land fragmentation, subdivision 
and creation of enclosures confine people and livestock 
to certain areas of the rangelands (Flintan et al., 2011), 
increasing vulnerability of rangelands to soil erosion and 
lowering productivity of such rangelands. 
The breakdown of social structures subjects rangelands 
to the “tragedy of the commons.” The tragedy of the 
commons describes a situation where collective actions 
of some users of shared resources contravene the 
general good of the other users through overexploitation 
(Feeny et al., 1990). The free-access nature of the 
rangelands often makes them vulnerable to misuse, 
depletion, or spoiling by certain users through improper 
and unsustainable agricultural practices, overstocking 
and overgrazing (Blewett, 1995) and excessive extraction, 
e.g., of wood resource (firewood and charcoal). As 
such, free access to rangelands is often associated with 
reduced abilities to effectively control grazing. Livestock 
pressure may not only magnify rangeland deterioration 
rates, but also overwhelm rangeland productivity, reduce 
livestock productivity, and elicit resource-based conflicts 
between pastoralists and wildlife as seen in the Maasai 
Steppe of Tanzania (Kissui, 2008), Laikipia and Amboseli 
in Kenya (Gadd, 2005; Okello, 2005; Graham et al., 2010), 
and Ethiopian rangelands (Abule et al., 2005; Kassahun et 
al., 2008). 
Agriculture and associated 
developmental practices 
Agriculture and the associated developmental practices 
in the rangelands have increasingly contributed to 
rangeland degradation (Han et al., 2008). In Sudan, 
Abdi et al. (2013) reported that agriculture-associated 
practices, such as over-cultivation of croplands, slash-
and-burn practices, shifting cultivation as well as 
misuse of irrigation water, predisposed rangelands for 
degradation. Numerous studies in China have pointed 
towards both agricultural and semi-pastoral rangelands 
being the most degraded, with practices involving 
vegetation clearing for agricultural purposes increasing 
the risks of soil erosion (Huang et al., 2007; Han et al., 
2008). In East Africa, Lankester and Davis (2016) asserted 
the potential of rangeland cultivation to remove dry-
season pastures that are often utilised by herbivores, 
thus, compromising livestock productivity of the wider 
landscape. Agricultural activities are often associated 
with rangeland degradation and, as Flintan et al. (2011) 
suggest, a number of newcomers relocated in such 
rangelands often pursue agricultural production at the 
expense of pasture productivity. 
Agricultural practices are often water demanding, 
sometimes associated with overdrafting. Increased 
establishment of boreholes and abstraction of 
underground water beyond recharge capacities 
continuously lowers the water table. Cultivation of 
rangelands can also compromise rangeland quality 
through nutrient mining, increased soil compaction and 
disturbance of soil structure (Allmaras et al., 1993). 
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Impacts of rangeland degradation
Impact on soil properties
Soil physical properties
Soil erosion destroys soil texture and alters nutrient 
and moisture retention capacities. In its severe forms, 
soil erosion results in formation of gullies alongside 
(Kassahun et al., 2012). Degraded rangeland sites often 
experience higher rates of soil erosion and compaction 
compared to undisturbed or pristine conditions, 
which have more dense forage cover (Kassahun et al., 
2008). Increased soil compaction ranging between 
4.5 and 5.0 kg cm-2 occurred along the cattle routes, 
compared to less than 2.5 kg cm-2 observed in good 
rangeland condition areas in Ethiopia (Kassahun et 
al., 2012). Soil erosion affects carbon storage in two 
ways: displacement or losses of soil organic matter 
and reductions in basal cover due to infertility of soils 
and reduced moisture storage capacities. Soils under 
degraded rangelands are of higher bulk density than 
sites in good sites (Kassahun et al., 2012). Bulk density 
values averaged 1.9–2 gm cm-3 in areas around water 
points and poorly managed rangelands in Ethiopia (Haile 
et al., 2007; Gebremeskel and Pieterse, 2007). Similarly, 
bulk density ranged between 1.45–2.0 gcm-3 in sites with 
poor rangeland conditions (Kassahun et al., 2012). 
Through continuous grazing, trampling of vegetation 
and soil compaction, livestock directly influences the 
plant species composition and diversity of rangelands 
(Zerga, 2015); with the magnitude increasingly 
dependent on herd density and distribution (Belsky 
and Blumenthal, 1997), and proximity to critical natural 
resources involving water-points (Pinchak et al., 1991). 
Combined with poor management, overstocking and 
overgrazing have increased the potentials to suppress 
rangeland quality, vegetation composition, and diversity, 
consequently decimating forage quantity and quality.
Continuous overgrazing and overstocking weaken soil 
aggregate stability, further exposing rangelands to more 
vulnerabilities involving soil erosion, loss of important 
faunal and floral biodiversity, nutrient impoverishment, 
and reduced capacities to store adequate moisture. 
The often increased soil compaction in the rangelands 
impedes soil water infiltration and aeration (Abdel-Magid 
et al., 1987) and, unless the soil hard pan is broken, 
soil compaction in the rangelands can impede plant 
respiration and suppress the soil seed germination 
capacities (van der Westhuizen et al., 1999).
Soil chemical properties
Soil moisture, organic matter and organic carbon
Rangeland degradation may impact soil organic matter 
(SOM), resulting in decreased soil organic carbon 
(SOC) levels (Dlamini et al., 2014), increased losses of 
soil moisture and nutrient due to increased leaching 
incidences (Lal, 2015). Positive relationships have 
been recorded for average net primary productivity 
(NPP) and the SOC (Peterson and Lajtha, 2013). Studies 
documenting reduced SOC and NPP following declining 
rangeland conditions are well established in Africa 
(Kassahun et al., 2012), United States (Noojipady et 
al., 2015), and Asia (Tan et al., 2012; Xie and Wu, 2016). 
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A spatial study in one of the grassland sites of South 
Africa reported that a drop in vegetative cover to 5% 
caused a corresponding decline in SOC and soil organic 
nitrogen by 1.25 kg/m2 and 0.074 kg/m2, respectively 
(Dlamini et al., 2014). Kassahun et al. (2012) reported 
1.15% SOM, 0.67% SOC, and 5.11% soil moisture in the 
Asbuli rangelands (Ethiopia) in poor state, compared to 
the 2.58% SOM, 1.7% SOC, and 12.93% soil moisture in 
rangelands in good condition. For America, Noojipady 
et al. (2015) reported that land degradation contributed 
to 35.9 Tg C yr -1 reductions in NPP, with compounding 
negative impacts on forage and consequently livestock 
productivity. Xie and Wu (2016) reported a significant 
reduction in carbon storage under rangelands in 
Asia that were extremely overgrazed. Reductions in 
SOC contents affect soil moisture content, aggregate 
stability, nutrient levels and soil biodiversity within the 
rangelands, potentially limiting rangeland productivity. 
Soil nutrient losses
Soil macronutrients, such as nitrogen (N), phosphorus 
(P) and potassium (K), greatly determine the ecosystem 
productivity, with their decline correspondingly 
compromising net primary productivity. Deteriorating 
rangeland conditions have been both a cause and 
a consequence of reduced soil macro-nutrient 
concentrations. Reduction of soil nutrients with 
continued land degradation has been reported in 
Africa, specifically Ethiopia (Kassahun et al., 2012), 
Australia (Pickup, 1998), and globally (Dutilly-Diane et 
al., 2007). Zewdie (1999) noted declines in soil N, P, and 
K contents in Eastern Ethiopia, following decreased 
SOM orchestrated by degradation. The reductions 
in macronutrient levels in the rangelands following 
degradation, therefore, instigate the need for integrated 
approaches in rangeland management, involving soil 
erosion control. 
Soil pH, salinization, acidification and alkalization
Increases in soil pH with increasing rangeland 
degradation was previously documented (Gebrekidan 
and Negassa, 2006; Fatunbi and Dube, 2008). Yong-
Zhong et al. (2005) observed increased soil pH in 
the heavily grazed sites in the degraded grasslands 
of China. Salinization is also a problem in some 
rangelands, and occurs when the rate of evaporation 
exceeds precipitation, a phenomenon experienced in 
most rangelands prone to prolonged droughts, high 
temperatures and insufficient rainfall. Cultivating 
rangelands can induce secondary salinity and alkalinity, 
following extensive land clearing and excessive irrigation 
activities, with the escalating ground water potentially 
dissolving salts that finally get deposited at or near the 
surface (Nagendran, 2011). In Ethiopian rangelands, 
70% of the respondents interviewed asserted that 
salinity and sodicity increased following degradation 
(Kassahun et al., 2008). The use of ammonium-based 
inorganic fertilisers, either during cultivation or 
rangeland fertilisation, can stimulate soil acidity, further 
deteriorating rangeland quality. Kawy and Ali (2012) 
pointed alkalization, salinization, and excess water being 
the major contributors to land degradation in Egypt.
Impact on productivity
Rangeland degradation variably affects both flora and 
fauna. Increased degradation can limit the availability 
of forage and water resources, and reduce biodiversity 
at different levels and scales. These cumulatively 
affect livestock productivity, resulting to diminishing 
economic returns from the livestock, and consequently 
exacerbating poverty. Net primary productivity 
reduced by 17% (i.e., 214 MgC/yr) in Burdekin region of 
Queensland ( Jackson and Prince, 2016). Similarly, total 
NPP reductions averaged 35.0–4.7 Tg C/yr after 12 years 
in southwestern United States (Noojipady et al., 2015). 
The reduced NPP adversely affects livestock production. 
About 54–68% of the respondents interviewed reported 
adverse effects of rangeland degradation on their 
livestock outputs in Ethiopia (Baars and Aptidon, 2002). 
Besides, prolonged rangeland degradation can also 
adversely impact vegetation regenerative capacities 
through impairing seed establishment alongside 
constricting the soil seed bank. 
Rangeland degradation can instigate serious financial 
losses that not only threaten national economies, but 
also affect the livelihood of the individuals. In Ethiopia, 
Bojö and Cossells (1995) and Yesuf et al. (2008) reported 
about USD106 million annual costs of land degradation 
linked to soil erosion and nutrient losses from arable and 
grazing lands. About USD10 million losses were recorded 
on livestock as a result of degradation (Yesuf et al., 2008) 
in Ethiopia. Considerably huge financial losses have also 
been reported in Kenya (20% loss) due to soil erosion 
(Dregne, 1990).
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Rangeland monitoring and 
evaluation techniques
Proper monitoring and evaluation is vital for effective 
management and restoration of degraded rangelands. 
Rangeland monitoring and evaluation assist in tracking 
significant landscape and vegetation changes, variations 
in rangeland health, and making informed and effective 
management decisions. Akin to the above, monitoring 
and evaluation can also enable the rangeland managers 
to discover negative range trends that need restoration 
actions, identify natural disturbances involving weed 
infestation and alterations in vegetation communities, 
thereby making informed remedial decisions. Numerous 
factors are often assessed when monitoring and 
evaluating rangeland degradation/restoration. Some 
of these comprise community/vegetation composition, 
vegetative biomass production, degree of forage 
utilization, and vegetative canopy of the forage. Several 
monitoring techniques (both traditional and advanced) 
for rangeland degradation/restoration exist.
Field monitoring techniques 
Point-to-point line transects refer to linear 
measurements of the vegetation community 
characteristics, and is executed through randomly 
selecting a representative site where measurements 
of species occurrences and other characteristics are 
noted. Line transects have been successfully used to 
assess rangeland conditions in Kenya (Verdoodt et al., 
2009; Mureithi et al., 2016). In rangelands of Laikipia 
(Kenya), Mureithi et al. (2016) observed increased 
herbaceous diversity and grass species composition 
in the conservation sites compared to openly grazed 
sites. Verdoodt et al. (2009) successfully used point-to-
point line transects to monitor and evaluate vegetation 
cover under two enclosure management systems in the 
Baringo rangelands (Kenya) and from the assessment, 
the results pointed towards both grass cover and 
herbaceous biomass being the most responsive biotic 
aspects in Baringo. 
Repeat fixed-point photo monitoring can also be utilized 
to detect vegetation changes. Photos can be repeatedly 
taken on permanent rangeland plots and such can be 
used to track the changes in vegetation cover, bare 
ground, as well as species composition (Herrick et al., 
2005; Webb, 2010). Masubelele et al. (2015) successfully 
used this technique to assess grassland vegetation 
changes in South Africa, and noted vegetation increase in 
the major biomes after repeated photographs. Repeated 
fixed-point photo monitoring also showed increased 
vegetation cover within the semi-arid Grassy Dwarf 
Shrublands of Camdeboo National Park, South Africa 
(Masubelele et al., 2013). 
Geographical information systems and 
remote sensing 
Monitoring and evaluation of rangeland degradation/
restoration can also be conducted using advanced tools 
involving geographic information systems (GIS), remote 
sensing (RS) and photogrammetry (Masoudi et al., 2018). 
The use of GIS and RS in assessing temporal changes 
Photo: CIAT
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in land degradation and desertification, generating 
landscape-based vegetation maps, as well as monitoring 
and evaluating changes in land cover features is well 
documented (Mackay and Zietsnian, 1996; Booth and 
Tueller, 2003; Miehe et al., 2010; Vanderpost et al., 
2011). GIS, RS, and the use of the normalised difference 
vegetation index (NDVI) have been widely applied to 
assess rangeland conditions in Africa (Mackay and 
Zietsnian, 1996; Espach et al., 2009), Asia (Thenkabail and 
Gamage, 2004), Australia (Graetz, 1987; Tueller, 1989), 
and United States (Booth and Tueller, 2003; Hunt Jr et al., 
2003). RS and GIS were used in Brazil to map soil erosion 
risk, and results pointed towards both pasture and 
agroforestry areas likened to areas of high erosion risks. 
In the semi-arid rangelands of Iran, Amiri and Shariff 
(2010) assessed the vegetation cover characteristics 
using satellite data and data from all vegetation indices, 
and confirmed NDVI for its accuracy in predicting land 
degradation, especially in rangelands. Bai et al. (2008) 
noted that the trends displayed by the NDVI/NPP 
results had the potentials to provide consistent global 
baseline information regarding areas prone to significant 
biological changes attributed to land degradation.
Local NPP Scaling (LNS) and NDVI have also been used 
to monitor land degradation. In Kenya, Bai and Dent 
(2006) used NPP and rain-use efficiency to identify 
the potential areas susceptible to land degradation. 
Changes in productivity, evident through reductions 
in crop yields in New Mexico, were attributed to cases 
of land degradation (Lobell et al., 2007). Using NDVI 
results from Khuzestan province of Iran, Masoudi et al. 
(2018) discovered that the degradation in the rangeland 
areas exceeded that of forests and dry cultivated areas. 
Symeonakis and Drake (2004) used NDVI to monitor land 
degradation and desertification in sub-Saharan Africa. 
They confirmed it is a good approach to evaluate the 
current conditions of land degradation. In West Pokot 
County of Kenya, NDVI results analysed by Nyberg 
et al. (2015) pointed towards increased vegetation 
regeneration in the enclosures compared to open 
grazing areas. 
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Remedies to rangeland 
degradation
Effective management of rangeland degradation can 
be realized either through preventive or restorative 
measures (Zerga, 2015). Numerous such practices have 
been promoted. Among others, these involve rangeland 
re-vegetation through direct seeding/reseeding, water 
harvesting, surface scarification, livestock/grazing 
management, use of controlled fires and control of bush 
encroachment. 
Rangeland re-vegetation
Rangeland re-vegetation is one of the practices to 
restore degraded rangeland ecosystems and can be 
achieved through direct seeding/reseeding, fertilisation 
and adequate soil moisture provisioning. Successful 
realization of increased forage productivity in degraded 
rangelands is pegged on restorative measures 
involving direct seeding, water harvesting, and proper 
management measures among others. Direct seeding 
(Musimba et al., 2004) is a capital demanding technology 
(Opiyo et al., 2011) that involves collection and sowing 
of desirable germplasm from the existing native forages 
or some exotic forage species. Native grasses are often 
preferred for re-vegetation since they are well adapted 
to the extremes of environmental conditions involving 
drought, and can potentially perform better than exotic 
species relevant to forage production (Oba and Kotile, 
2001; Mussa et al., 2016).
Rangeland re-vegetation can be achieved in many ways, 
either through planting indigenous plants to different 
sites (which is the most common, and probably most 
reliable method of rehabilitating degraded rangelands) 
or direct seeding (Louhaichi et al., 2014). Direct seeding is 
a more cost-effective method of rangeland re-vegetation 
compared to transplanting, especially where sowing of 
large tracts of land is needed, and produces more natural 
appearance and enhanced vegetation successional 
pathway compared to spaced planting (Douglas et 
al., 2007). Re-vegetation of degraded rangelands has 
been shown to increase forage availability, prevent soil 
erosion, and improve soil nutrient and carbon status. 
Increasing forage productivity in degraded rangelands is 
vital in enhancing and sustaining livestock productivity 
amidst the shrinking land availability and high land lease 
rates in some areas. It is crucial to investigate the most 
effective direct-seeding or rangeland re-vegetation 
method, alongside the most effective soil preparation 
method, that would improve the survival rate after 
establishment (Louhaichi et al., 2014). Forage selection 
based on their adaptive suitability (establishment and 
survivability) to various soil types, environmental and 
climatic conditions is vital in the success of rangeland 
restoration through direct-seeding technology. In a study 
to determine the establishment and survivability of  
22 diverse forages in Northern California’s 
Mediterranean annual rangeland, Davy et al. (2017) 
noted that Bromus hordeaceus and Lolium multiflorum 
performed well amongst the annual grasses, whereas 
amongst the annual herbs, Brassica napus L. and 
Cichorium intybus proved viable options. They further 
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noted that prolonged realization of sustained soil cover 
(>3 years) was best achieved under reseeding with 
perennial grasses such as Dactylis glomerata, Lolium 
arundinaceum, and Phalaris aquatic, that were all able to 
maintain more than 50% cover, produce over thrice more 
dry matter than unseeded controls, as well as effectively 
suppress annual grasses (Davy et al., 2017). In Ethiopia, 
reseeding of degraded rangeland using Rhodes grass 
(Chloris gayana), manure and mulch application provided 
higher dry matter yields, plant cover, germination, height 
and seed yield compared to where either mulch or 
manure were not used (Tebeje et al., 2014); highlighting 
the vital role of nutrients and moisture retention 
in establishment and survivability of the reseeded 
vegetation. Snelder (1993) examined the germination 
rates, seedling development, and ability to adapt to the 
local environmental conditions in Baringo, Kenya, using 
three drought-resistant perennial grass species, namely 
Rhodes grass, Maasai love grass (Eragrostis superba) and 
Buffel grass (Chloris roxburghiana). Their performances 
were compared in laboratory and field trials with that  
of natural vegetation. Rangeland re-vegetation by  
reseeding was the most vital in curbing soil erosion. 
Buffel grass was the most ideal for planting in the micro-
catchments while Maasai love grass and Rhodes grasses 
were the second and third in rank. 
Rangeland reseeding is a costly remedy for degraded 
rangelands. Often, costs exceed the potential annual 
return form the livestock production. However, its 
long-term ecological costs and benefits can potentially 
offset the initial costs of reseeding. Kearl and Cordingly 
(1975) reported that the full productivity of reseeded 
rangelands is normally reached after 5 years, and 
continues for a life span approximating 25–40 years 
where positive return (21.5%) on reseeding investment, 
costs and time is realized. In a study in Wyoming, USA, 
rangeland reseeding increased forage production up 
to 305%, denoting increased availability of fodder for 
livestock (Kearl and Cordingly, 1975). The increase 
in forage production following reseeding degraded 
rangelands is consistent with previous results 
(Hubbard, 1975; Davy et al., 2017). Successful rangeland 
reclamation through re-vegetation not only improves 
the rangeland conditions but also promotes livestock 
productivity through better stock nutrition, thus 
commanding increased economic returns from sales of 
such livestock and their associated products. Snelder 
(1993) reported increased forage quality with crude 
protein levels exceeding 13% following reseeding of 
degraded rangelands; an aspect directly relatable to 
increased returns from livestock and their associated 
products in well-established rangelands following 
increased quality and quantity of forage. 
Increased rangeland vegetation regeneration is pivotal 
in providing cover that augments soil structure and 
upon decomposition, improves soil nutrient status and 
biodiversity, improves SOC contents as well as reduces 
soil erosion. In addition, the organic litter and residues 
deposited by the regenerated vegetation contribute to 
associated beneficial functions (decomposition, nutrient 
mineralization, and soil aggregate stabilization), further 
improving the rangeland conditions. Increased organic 
matter contents following the effects of such vegetation 
is key in improving soil aggregate stability. Organic 
matter has “cementing” properties, thus gluing the soil 
aggregates together and improving resistance to soil 
erosion and surface water runoff.
Water harvesting
Water availability determines the success of vegetation 
establishment after reseeding. In-situ water harvesting, 
such as using terracing and gabions, is important to 
reduce surface runoffs (Oweis and Hachum, 2009), 
reduce soil erosion and the associated negative 
impacts, and improve water storage and infiltration 
(Mussa et al., 2016). 
Rainfall exceeding approximately 600 mm annually is 
adequate for effective establishment of vegetation in 
rangelands. However, successful reseeding at low rainfall 
(ranging between 100–500 mm annually) has been made 
in Thar Desert, India, through use of water harvesting 
techniques such as pitting, contour furrows and trenches 
that create micro- and macro-catchments (Sinha et al., 
1997). Besides the use of micro pits and contours in 
Zimbabwe (Nyamadzawo et al., 2013), farmers in Burkina 
Faso use micro-catchments including rock bunds, 
stone terraces (Oweis and Hachum, 2009) to harvest 
and retain rainwater and restore degraded rangelands 
for fodder and crop production. Water harvesting by 
micro-catchments in the degraded rangelands is vital 
not only in germination but also overall growth, stolon 
development, and plant survival (Snelder, 1993).
Soil surface scarification
Crusted rangelands can be corrected through 
mechanical techniques involving surface scarification, 
and these support rangeland regeneration. Soil surface 
scarification breaks the upper layer of the soil thereby 
easing germination of forage seeds, minimizing runoff, 
and creating potential niches for forage development 
(Collins, 1992; Louhaichi et al., 2014). Snyman (1999) 
reported that nearly 30-50 % of the rainfall received in 
degraded areas is lost as surface runoff, with the worst 
experience recorded under compacted soil surfaces. 
Louhaichi et al. (2014) argue that for a high success rate 
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in rangeland re-establishment, it is critical to favour 
such soil preparation methods that improve moisture 
retention. Soil surface ripping combined with making 
of hollows is important in increasing water infiltration 
and retention in degraded rangelands compared to 
making hollows alone (Snyman, 2003). The methods 
used in shattering compacted sites to be revegetated 
in such degraded rangelands often vary from shallow 
cultivation, deep cultivation, and making hollows using 
different suitable implements (Snyman, 2003). In South 
Africa, the use of the so-called Dyker plough to make 
shallow pits across degraded rangelands for vegetation 
re-establishment is among the most effective especially 
in clay soils (Snyman, 2003), while Ripper cultivation 
techniques are most ideal for re-vegetating sandy soils. 
Contour furrowing involving surface ripping/cultivation 
provides barriers to surface runoffs. This provides a 
niche for germination of pioneer vegetative species that 
would later, upon establishment, modify the surface 
temperatures, enhance soil biological activities, and 
provide barriers to different agents of soil erosion. 
Livestock and grazing management
In order to reduce livestock pressure on rangelands, 
appropriate livestock densities should be maintained. 
In addition, controlled grazing favours regrowth of 
vegetation in overgrazed rangelands and stimulates 
the vigour of the already established grass vegetation, 
reduces soil compaction, and promotes rangeland 
productivity. Previous studies documented that 
controlled grazing together with a reduction of livestock 
numbers induced rangeland rehabilitation by reducing 
the grazing pressure in South Africa (Wessels et al., 2007) 
and China (Li et al., 2011). In addition, Woodfine (2009) 
reported that improved grazing management has great 
potential in biodiversity protection and restoration, 
as well as enhancing the ecosystem functions and 
processes.
Yayneshet et al. (2009) pointed the use of enclosures 
to have remarkable potentials of causing increased 
vegetation recovery rates in degraded rangelands. An 
exploratory study conducted by Gidey and Van der Veen 
(2014) to assess the effects of enclosures on vegetation 
regeneration in degraded rangelands showed increased 
vegetation regeneration in the enclosures than open 
grazing sites, and this proves rangeland enclosures 
being ideal not only in minimizing land degradation but 
also promoting rehabilitation of degraded lands. Similar 
observations were reported in West Pokot, Kenya, in a 
study conducted to assess the influence of enclosures in 
transforming land, livestock, and livelihoods (Nyberg et 
al., 2015). 
In sub-Saharan Africa, rangeland enclosures have been 
increasingly used to manage grasslands in Ethiopia 
(Mussa et al., 2017) and Kenya (Verdoodt et al., 2009). 
The main challenge affecting the use of grassland/ 
rangeland enclosures is that their prolonged utilization 
may prompt the establishment and encroachment of 
woody species (Angassa, 2007) that would decimate 
forage density and availability to livestock. In the 
Borana rangelands of Ethiopia, enclosures have 
been increasingly embraced since the 1990s, being 
potential pasture reserves in prolonged drought and 
dry seasons (Napier and Desta, 2011). Similarly, in 
the Somali rangelands, fodder production has been 
promoted by local non-governmental organizations 
that have increasingly privatised and enclosed the 
ranges. Beyene (2009) pointed towards the associated 
beneficial socio-economic and ecological changes driving 
the embracement of enclosures in eastern Ethiopian 
rangelands. In the Kenyan Baringo rangelands, Verdoodt 
et al. (2009) reported that enclosure systems hastened 
the rate of herbaceous cover recovery compared to 
open grazing lands. However, the spread of rangeland 
enclosures has also been shown to prompt incompatible 
natural resource use demands with serious implications 
on pastoral livelihoods (Beyene, 2010). 
Enclosures also stand a greater chance of increasing 
seedling proportions and stimulating germination, 
thus elevating the population of herbaceous species, 
increasing availability of palatable forages with the 
potential of enhancing livestock production (Milton et al., 
1998; Mengistu et al., 2005; Verdoodt et al., 2009).
Use of controlled fires
The use of controlled fires is a manipulative measure 
aimed at shaping and maintaining rangeland ecosystem 
structure and vegetation composition (Bailey, 1988; 
Oluwole et al., 2008) through preventing the spread of 
woody vegetation, removal of dead biomass, minimizing 
pests, and enhancement of proliferation of high-quality 
and palatable grass species (Bebawi and Campbell, 
2002; Mapiye et al., 2008). Recent studies documented 
higher concentrations of nutrients in the aboveground 
post-burn savannah vegetation compared to unburned 
vegetation (Higgins et al., 2000; van Langevelde et al., 
2003), an indication of improved forage quality that 
influences vegetation palatability and consequently 
livestock productivity. Bebawi and Campbell (2002) 
suggested that, besides the increased palatability of 
regenerating vegetative shoots following burning, they 
are also rich in crude proteins.
In the rangelands, soil bio-physical and chemical 
properties can variably be influenced by heat and 
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oxidation from prescribed fires. Fire intensity within the 
rangelands can affect the surface as well as sub-surface 
soils, with varying degree of effects on shaping both the 
belowground and aboveground biodiversity. Influences 
of prescribed fires on soil chemical parameters are 
majorly evident in the first year after fire (Rau et al., 
2008), with increases in soil pH and nutrient availability 
being reported between few months to one year after 
fire events. 
Despite the beneficial role in increasing forage utilization 
(Mapiye et al., 2008), prescribed fire also controls 
undesirable plants. Conversely, fires can also remove 
desirable and increasingly palatable plant species, 
especially the young grasses and herbs, leaving behind 
the non-palatable big-stemmed plant species within 
the rangelands (Erkovan et al., 2016). Prescribed fires 
can occasion species composition changes alongside 
decimating vegetation cover (Oluwole et al., 2008). In the 
rangelands, fire can suppress or promote plant species 
composition depending on numerous factors involving 
vegetation type, soil, and water resources. 
The removal of above-ground biomass, organic matter, 
and litter after fire makes the soil bare, exposes the soil 
to intense solar radiation, moisture and nutrient losses 
and possibility of increased run-offs and erosion  
(Chen et al., 2010). Cumulatively, these can cause 
nutrient changes in the soil, limits competition for light 
following reduction in above-ground vegetative biomass, 
thus potentially diminishing the production capacities of 
the rangelands. Significant changes in soil nutrient status 
following fire events have been noted, with decreases 
recorded in gaseous nutrient contents (especially 
nitrogen, carbon, and sulphur) and increases reported in 
mineral nutrient contents.
Control of bush encroachment
Control of bush encroachment is a manipulative 
management technique that minimizes bush 
encroachment by championing the reduction of woody 
vegetation and promoting herbaceous vegetation 
dominance in degraded rangelands. Numerous methods 
involving integrated application of chemical, mechanical, 
and biological interventions have been employed in 
managing the threat of bush encroachment (Mussa 
et al., 2016). Decline in woody vegetation dominance 
in rangelands often stimulates increased forage 
production, thus positively impacting the grazers. This is 
because decline in woody species dominance instigates 
rapid increase in grass diversity (Abule et al., 2007).
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Conclusions
Globally, rangelands cover the largest land area 
accounting for 25% of the total land surface. 
Despite the socio-economic and environmental 
benefits involving food and fodder provisioning, 
job creation, and revenue generation, alongside 
carbon sequestration, degradation is a menace 
that strongly limits the full realization of 
rangeland production potentials. Rangelands 
degradation emanates from a number of 
sources, both natural and anthropogenic. Some 
of the natural causes of rangeland degradation 
involve aridity and desertification, climate 
change and associated variabilities, as well as 
prolonged drought, among others. Similarly, 
anthropogenic aspects involving overgrazing 
can also occasion rangeland degradation by 
compaction and removal of leafy vegetation. 
Degraded rangelands are prone to nutrient 
leaching, low soil organic matter contents, 
low vegetation cover, reduced soil aggregate 
stability as well as changes in soil chemical 
parameters that adversely impact on the 
rangeland production potentials. In a bid to 
reclaim degraded rangelands, a number of 
strategies involving rangeland re-vegetation, 
harvesting of water and livestock grazing 
management can be employed. Besides, 
soil surface scarification is also effective in 
remedying degraded rangelands, especially 
during reseeding, due to the ability to break the 
upper layer of the soil thereby increasing water 
storage potentials, easing germination of forage 
seeds, minimizing runoff and creating potential 
niches for establishment of a diversity of soil 
flora and fauna. Rangeland monitoring and 
evaluation are vital for effective management. 
Monitoring and evaluation are critical in tracking 
significant landscape and vegetation changes, 
variations in rangeland health, and making 
informed and effective management decisions. 
The use of field monitoring techniques, 
geographical information systems and remote 
sensing have been widely hailed for their 
importance in monitoring and assessment of 
rangelands globally.
Monitoring as well as remedies seem to focus 
on bio-physical indicators/measures while the 
rangelands actually comprise a very complex 
socio-ecologic system, where human as well 
as natural causes interact and cause the 
degradation. This points to the need of a more 
holistic treatment of the problem and search 
for solutions, including but not limited to, 
participatory approaches.
Photo: Communities mapping rangelands in Ethiopia (Photo: ILC/ILRI)
Rangeland Degradation: Causes, Consequences, Monitoring Techniques and Remedies16
References
Abate T; Ebro A; Nigatu L. 2012. Evaluation of rangeland in arid and semi-arid grazing land of South East Ethiopia. 
International Journal Agricultural Sci, 2(7):221-234.
Abdel-Magid AH; Trlica MJ; Hart RH. 1987. Soil and vegetation responses to simulated trampling. Journal of Range 
Management, 303-306.
Abdi OA; Glover EK; Luukkanen O. 2013. Causes and impacts of land degradation and desertification: case study of the 
Sudan. International Journal of Agriculture and Forestry, 3(2):40-51.
Aboud AA; Kisoyan PK; Said MY; Notenbaert A; de Leeuw J; Gitau JW; Manzano P; Davies JM; Roba GM; Omondi SO; 
Odhiambo MO. 2006. Natural Resource Management and Biodiversity Conservafion in the Drylands of Eastern and 
Central Africa. Change, 61(34):276.
Abule E; Snyman HA; Smit GN. 2005. Comparisons of pastoralists perceptions about rangeland resource utilization in 
the Middle Awash Valley of Ethiopia. Journal of Environmental Management, 75(1):21-35.
Abule E; Snyman HA; Smit GN. 2007. Rangeland evaluation in the middle Awash valley of Ethiopia: II. Woody vegetation. 
Journal of Arid Environments, 70(2):272-292.
Alkemade R; Reid RS; van den Berg M; de Leeuw J; Jeuken M. 2013. Assessing the impacts of livestock production on 
biodiversity in rangeland ecosystems. Proceedings of the National Academy of Sciences, 110(52):20900-20905.
Allmaras RR; Juzwik J; Overton RP; Copeland SM. 1993. Soil compaction: Causes, effects, management in bareroot 
nurseries. In Northeastern and Intermountain Forest and Conservation Nursery Association Meeting. St. Louis 
Missouri (Vol. 23).
Amiri F; Shariff ARBM. 2010. Using remote sensing data for vegetation cover assessment in semi-arid rangeland of 
center province of Iran. World Applied Sciences Journal, 11(12):1537-1546.
Angassa A. 2007. The dynamics of savanna ecosystems and management in Borana, southern Ethiopia. Noragric, 
Department of International Environment and Development Studies, Norwegian University of Life Sciences.
Angassa A. 2014. Effects of grazing intensity and bush encroachment on herbaceous species and rangeland condition in 
southern Ethiopia. Land Degradation & Development, 25(5):438-451.
Angassa A; Oba G. 2008. Herder perceptions on impacts of range enclosures, crop farming, fire ban and bush 
encroachment on the rangelands of Borana, Southern Ethiopia. Human Ecology, 36(2):201-215.
Arthur AD; Pech RP; Jiebu ZY; Hui L. 2007. Rangeland degradation on the Tibetan Plateau: the role of small mammals 
and methods of control. Australian Centre for International Agricultural Research Technical Report, 67.
Asner GP; Elmore AJ; Olander LP; Martin RE; Harris AT. 2004. Grazing systems, ecosystem responses, and global change. 
Annu. Rev. Environ. Resour., 29:261-299.
Atherinos E. 2003. Tourism in China: Regional distribution and economic impact. Regional and Sectoral Economic Studies, 
3(2):45-60. 
Awgachew S; Flintan F; Bekure S. 2015. Participatory rangeland management planning and its implementation in 
Ethiopia. Paper presented at the 2015 World Bank Conference on Land and Poverty, Washington DC, 23–27 March 
2015. Addis Ababa, Ethiopia: CARE.
Baars RMT; Aptidon SM. 2002. Pastoralists' perceptions of rangeland degradation in Eastern Ethiopia. Nomadic Peoples, 
144-157.
Bai W; Zhang Y; Xie G; Shen Z. 2002. Analysis of formation causes of grassland degradation in Maduo County in the 
source region of Yellow River. Ying Yong Sheng Tai Xue Bao= The Journal of Applied Ecology, 13(7):823-826.
Bai ZG; Dent DL. 2006. Global assessment of land degradation and improvement: pilot study in Kenya. ISRIC Report.
Bai ZG; Dent DL; Olsson L; Schaepman ME. 2008. Proxy global assessment of land degradation. Soil Use and 
Management, 24(3):223-234.
17CIAT Working Paper
Bailey AW. 1988. Understanding fire ecology for range management. Vegetation science applications for rangeland analysis 
and management, 527-557. Springer, Dordrecht.
Bebawi FF; Campbell SD. 2002. Impact of fire on bellyache bush ( Jatropha gossypiifolia) plant mortality and seedling 
recruitment. Tropical Grasslands, 36(3):129-137.
Belsky AJ; Blumenthal DM. 1997. Effects of livestock grazing on stand dynamics and soils in upland forests of the Interior 
West. Conservation Biology, 11(2):315-327.
Beyene F. 2009. Exploring incentives for rangeland enclosures among pastoral and agropastoral households in eastern 
Ethiopia. Global Environmental Change, 19(4):494-502.
Beyene F. 2010. Locating the adverse effects of rangeland enclosure among herders in eastern Ethiopia. Land Use Policy, 
27(2):480-488.
Blewett RA. 1995. Property rights as a cause of the tragedy of the commons: institutional change and the pastoral 
Maasai of Kenya. Eastern Economic Journal, 21(4):477-490.
Bojö J; Cassells D. 1995. Land degradation and rehabilitation in Ethiopia: a reassessment. World Bank. Africa region. 
Technical Department. Environmentally Sustainable Development Division.
Booth DT; Tueller PT. 2003. Rangeland monitoring using remote sensing. Arid Land Research and Management, 17(4): 
455-467.
Cameron DR; Marty J; Holland RF. 2014. Whither the rangeland? Protection and conversion in California's rangeland 
ecosystems. PLoS One, 9(8):e103468.
Chen S; Peng S; Chen B; Chen D; Cheng J. 2010. Effects of fire disturbance on the soil physical and chemical properties 
and vegetation of Pinus massoniana forest in south subtropical area. Acta Ecologica Sinica, 30(3):184-189.
Chisholm A; Dumsday R. (Eds.). 1987. Land degradation: problems and policies (No. 18). Cambridge University Press. 
Collins WB. 1992. Harvesting birch-spruce forest to enhance moose habitat in the Matanuska Valley Moose Range. 
Alaska Department of Fish and Game, Division of Wildlife Conservation. 
Davy J; Dykier K; Turri T; Gornish E. 2017. Forage seeding in rangelands increases production and prevents weed 
invasion. California Agriculture, 71(4):239-248.
Dean C; Wardell-Johnson GW; Harper RJ. 2012. Carbon management of commercial rangelands in Australia: major pools 
and fluxes. Agriculture, Ecosystems & Environment, 148:44-64.
Dlamini P; Chivenge P; Manson A; Chaplot V. 2014. Land degradation impact on soil organic carbon and nitrogen stocks 
of sub-tropical humid grasslands in South Africa. Geoderma, 235:372-381.
Douglas GB; Dodd MB; Power IL. 2007. Potential of direct seeding for establishing native plants into pastoral land in New 
Zealand. New Zealand Journal of Ecology, 143-153.
Dregne HE. 1990. Erosion and soil productivity in Africa. Journal of Soil and Water Conservation, 45(4):431-436.
Dregne HE. 2002. Land degradation in the drylands. Arid Land Research and Management, 16(2):99-132.
Dutilly-Diane C; McCarthy N; Turkelboom F; Bruggeman A; Tiedemann J; Street K; Serra G. 2007. Could payments 
for environmental services improve rangeland management in Central Asia, West Asia and North Africa? CGIAR 
Systemwide Program on Collective Action and Property Rights, International Food Policy Research Institute.
Eldridge DJ; Bowker MA; Maestre FT; Roger E; Reynolds JF; Whitford WG. 2011. Impacts of shrub encroachment on 
ecosystem structure and functioning: towards a global synthesis. Ecology Letters, 14(7):709-722.
Erkovan Ş; Koc A; Güllap MK; Erkovan Hİ; Bilen, S. 2016. The effect of fire on the vegetation and soil properties of 
ungrazed shortgrasssteppe rangeland of the Eastern Anatolia region of Turkey. Turkish Journal of Agriculture and 
Forestry, 40(2):290-299.
Espach C; Lubbe LG; Ganzin N. 2009. Determining grazing capacity in Namibia with the aid of remote sensing. African 
Journal of Range & Forage Science, 26(3):133-138.
Rangeland Degradation: Causes, Consequences, Monitoring Techniques and Remedies18
Fan M; Li W; Wei G; Luo F. 2015. Tourism impacts on indigenous pastoral communities in China. Rangeland ecology & 
management, 68(1):86-91.
Fatunbi AO; Dube S. 2008. The Influence of Physical Landscape and Soil Properties on the Threshold of Rangeland 
Degradation.
Feeny D; Berkes F; McCay BJ; Acheson JM. 1990. The tragedy of the commons: twenty-two years later. Human Ecology, 
18(1):1-19.
Feng J; Wang T; Xie C. 2006. Eco-environmental degradation in the source region of the Yellow River, Northeast Qinghai-
Xizang Plateau. Environmental Monitoring and Assessment, 122(1-3):125-143.
Flintan F; Tache B; Eid A. 2011. Rangeland fragmentation in traditional grazing areas and its impact on drought resilience 
of pastoral communities: Lessons from Borana, Oromia and Harshin, Somali Regional States, Ethiopia. Oxfam: Oxford, 
UK.
Gadd ME. 2005. Conservation outside of parks: attitudes of local people in Laikipia, Kenya. Environmental Conservation, 
32(1):50-63.
Gebrekidan H; Negassa W. 2006. Impact of land use and management practices on chemical properties of some soils of 
Bako area, Western Ethiopia. Ethiopian Journal of Natural Resources, 8(2):177-197.
Gebremeskel K; Pieterse PJ. 2007. Impact of grazing around a watering point on soil status of a semi‐arid rangeland in 
Ethiopia. African Journal of Ecology, 45(1):72-79.
Gidey TG; van der Veen A. 2014. The effect of enclosures in rehabilitating degraded vegetation: a case of Enderta 
district, northern Ethiopia. Forest Research, 3(4).
Graetz RD. 1987. Satellite remote sensing of Australian rangelands. Remote Sensing of Environment, 23(2):313-331.
Graham MD; Notter B; Adams WM; Lee PC; Ochieng TN. 2010. Patterns of crop-raiding by elephants, Loxodonta africana, 
in Laikipia, Kenya, and the management of human–elephant conflict. Systematics and Biodiversity, 8(4):435-445.
Guerin GR; Sparrow B; Tokmakoff A; Smyth A; Leitch E; Baruch Z; Lowe AJ. 2017. Opportunities for integrated ecological 
analysis across inland Australia with standardised data from Ausplots Rangelands. PloS One, 12(1):e0170137.
Haile G; Assen M; Ebro A. 2007. Effects of rangeland management systems on soil characteristics of Yabello rangelands, 
Southern Ethiopia.
Han JG; Zhang YJ; Wang CJ; Bai WM; Wang YR; Han, GD;  Li, L. H. 2008. Rangeland degradation and restoration 
management in China. The Rangeland Journal 30(2):233-239.
Harris RB. 2010. Rangeland degradation on the Qinghai-Tibetan plateau: a review of the evidence of its magnitude and 
causes. Journal of Arid Environments 74(1):1-12.
Herrick JE; van Zee JW; Havstad KM; Burkett LM; Whitford WG. 2005. Monitoring Manual for Grassland, Shrubland and 
Savanna Ecosystems, Vol. II. Las Cruces, New Mexico: Jornada Experimental Range.
Hiernaux P; Bielders CL; Valentin C; Bationo A; Fernandez-Rivera S. 1999. Effects of livestock grazing on physical and 
chemical properties of sandy soils in Sahelian rangelands. Journal of Arid Environments 41(3):231-245.
Higgins SI; Bond WJ; Trollope WSW. 2000. Fire, re-sprouting and variability: a recipe for grass–tree coexistence in 
savanna. Journal of Ecology 88:213–229.
Hoffman T; Vogel C. 2008. Climate change impacts on African rangelands. Rangelands 30(3):12-17.
Huang D; Wang K; Wu W. 2007. Problems and strategies for sustainable development of farming and animal husbandry 
in the Agro-Pastoral Transition Zone in Northern China (APTZNC). The International Journal of Sustainable Development 
& World Ecology 14(4):391-399.
Hubbard WA. 1975. Increased range forage production by reseeding and the chemical control of knapweed. Rangeland 
Ecology & Management/Journal of Range Management Archives 28(5):406-407.
19CIAT Working Paper
Hunt Jr ER; Everitt JH; Ritchie JC; Moran MS; Booth DT; Anderson GL; Clark PE; Seyfried MS. 2003. Applications and 
research using remote sensing for rangeland management. Photogrammetric Engineering & Remote Sensing  
69(6):675-693.
Illius AW; O’Connor TG. 1999. On the relevance of non-equilibrium concepts to arid and semiarid grazing systems. 
Ecological Applications 9(3):798-813.
Jackson H; Prince SD. 2016. Degradation of net primary production in a semiarid rangeland. Biogeosciences  
13(16):4721-4734.
Kassahun A; Snyman HA; Smit GN. 2008. Impact of rangeland degradation on the pastoral production systems, 
livelihoods and perceptions of the Somali pastoralists in Eastern Ethiopia. Journal of Arid Environments 72(7):1265-1281.
Kassahun A; Tegegne A; Aberra D. 2012. Impacts of rangeland degradation on soil physical, chemical and seed bank 
properties along a gradient in three rangeland vegetation types in Somali region, eastern Ethiopia. Ethiopian Journal of 
Agricultural Sciences 22(1):84-101.
Kawy WA; Ali RR. 2012. Assessment of soil degradation and resilience at northeast Nile Delta, Egypt: The impact on soil 
productivity. The Egyptian Journal of Remote Sensing and Space Science 15(1):19-30.
Kearl WG; Cordingly RV. 1975. Cost and returns from reseeding plains ranges in Wyoming. Journal of Range Management 
437-441.
Keba HT; Madakadze IC; Angassa A; Hassen A. 2013. Nutritive value of grasses in semi-arid rangelands of Ethiopia: Local 
experience based herbage preference evaluation versus laboratory analysis. Asian-Australasian Journal of Animal 
Sciences 26(3):366.
Kissui BM. 2008. Livestock predation by lions, leopards, spotted hyenas, and their vulnerability to retaliatory killing in 
the Maasai steppe, Tanzania. Animal Conservation 11(5):422-432.
Lal R. 2015. Restoring soil quality to mitigate soil degradation. Sustainability 7(5):5875-5895.
Lankester F; Davis A. 2016. Pastoralism and wildlife: historical and current perspectives in the East African rangelands of 
Kenya and Tanzania. Revue Scientifique et Technique (International Office of Epizootics) 35(2):473-484.
Li H; Shen H; Chen L; Liu T; Hu H; Zhao X; Zhou L; Zhang P; Fang J. 2016. Effects of shrub encroachment on soil organic 
carbon in global grasslands. Scientific Reports 6:28974.
Li XL; Gao J; Brierley G; Qiao YM; Zhang J; Yang YW. 2013. Rangeland degradation on the Qinghai‐Tibet plateau: 
Implications for rehabilitation. Land Degradation & Development 24(1):72-80.
Li XL; Gao J; Brierley G; Qiao Y-M; Zhang J; Yang YW. 2011. Rangeland Degradation on the Qinghai-Tibet Plateau: 
Implications for Rehabilitation. Land Degradation & Development 22:193–201.
Li Y; Wang Q; Zhao X; Shen ZX. 2000. The influence of climatic warming on the climatic potential productivity of alpine 
meadow. Acta Agrestia Sinica 8(1):23-29.
Liebig MA; Gross JR; Kronberg SL; Hanson JD; Frank AB; Phillips RL. 2006. Soil response to long-term grazing in the 
northern Great Plains of North America. Agriculture, Ecosystems & Environment 115(1-4):270-276.
Liu HW; Zhou L; Liu W; Zhou H. 2008. Study on dispersal of plateau pika in degraded alpine meadow. Prataculture and 
Animal Husbandry 153:8-11.
Liu W; Wang X; Zhou L; Zhou H. 2003. Studies on destruction, prevention and control of Plateau Pikas in Kobresia 
pygmaea meadow. Acta Theriologica Sinica 23(3):214-219.
Lobell DB; Ortiz-Monasterio JI; Gurrola FC; Valenzuela L. 2007. Identification of saline soils with multiyear remote 
sensing of crop yields. Soil Science Society of America Journal 71(3):777-783.
Louhaichi M; Clifton K; Hassan S. 2014. Direct seeding of Salsola vermiculata for rehabilitation of degraded arid and 
semi-arid rangelands. Range Management and Agroforestry 35(2):182-187.
Mackay CH; Zietsnian HX. 1996. Assessing and monitoring rangeland condition in extensive pastoral regions using 
satellite remote sensing and GIS techniques: an application to the Ceres Karoo region of South Africa. African Journal of 
Range & Forage Science 13(3):100-112.
Rangeland Degradation: Causes, Consequences, Monitoring Techniques and Remedies20
Mao F; Zhang YH; Hou YY; Tang SH; Lu ZG; Zhang JH. 2008. Dynamic assessment of grassland degradation in Naqu of 
northern Tibet. Ying yong sheng tai xue bao= The Journal of Applied Ecology 19(2):278-284.
Mapiye C; Mwale M; Chikumba N; Chimonyo M. 2008. Fire as a rangeland management tool in the savannas of southern 
Africa: a review. Tropical and Subtropical Agroecosystems 8(2).
Masoudi M; Jokar P; Pradhan B. 2018. A new approach for land degradation and desertification assessment using 
geospatial techniques. Natural Hazards and Earth System Sciences 18(4):1133.
Masubelele ML; Hoffman MT; Bond W; Burdett P. 2013. Vegetation change (1988-2010) in Camdeboo National Park 
(South Africa), using fixed-point photo monitoring: The role of herbivory and climate. Koedoe 55(1):1-16. 
Masubelele ML; Hoffman MT; Bond WJ. 2015. Biome stability and long-term vegetation change in the semi-arid, south-
eastern interior of South Africa: A synthesis of repeat photo-monitoring studies. South African Journal of Botany 
101:139-147.
McNeely JA. 2004. Strangers in our midst: the problem of invasive alien species. Environment 46(6):16.
Mehari ZH. 2015. The invasion of Prosopis juliflora and Afar pastoral livelihoods in the Middle Awash area of Ethiopia. 
Ecological Processes 4(1):13.
Mengistu A. 2004. Pasture and forage resource profiles of Ethiopia.
Mengistu T; Teketay D; Hulten H; Yemshaw Y. 2005. The role of enclosures in the recovery of woody vegetation in 
degraded dryland hillsides of central and northern Ethiopia. Journal of Arid Environments 60(2):259-281. 
Miehe S; Kluge J; Von Wehrden H; Retzer V. 2010. Long‐term degradation of Sahelian rangeland detected by 27 years of 
field study in Senegal. Journal of Applied Ecology 47(3):692-700.
Miller D. 2002. The importance of China's nomads. Rangelands Archives 24(1):22-24.
Milton SJ; Dean WRJ; Ellis RP. 1998. Rangeland health assessment: a practical guide for ranchers in arid Karoo 
shrublands. Journal of Arid Environments 39(2):253-265. 
Mureithi SM; Verdoodt A; Njoka JT; Gachene CK; Warinwa F; Van Ranst E. 2016. Impact of Community Conservation 
Management on Herbaceous Layer and Soil Nutrients in a Kenyan Semi‐Arid Savannah. Land Degradation & 
Development 27(8):1820-1830.
Musimba NKR; Nyariki DM; Ikutwa CN; Teka T. 2004. Dryland Husbandry for sustainable development in the southern 
rangelands of Kenya. OSSREA, Addis Ababa, 2004.
Mussa M; Hashim H; Teha M. 2016. Rangeland degradation: Extent, impacts, and alternative restoration techniques in 
the rangelands of Ethiopia. Tropical and Subtropical Agroecosystems 19(3).
Mussa M; Ebro A; Nigatu L. 2017. Soil organic carbon and total nitrogen stock response to traditional enclosure 
management in eastern Ethiopia. Journal of Soil Science and Environmental Management 8(2):37-43.
Mwilawa AJ; Komwihangilo DM; Kusekwa ML. 2008. Conservation of forage resources for increasing livestock production 
in traditional forage reserves in Tanzania. African Journal of Ecology 46(s1):85-89.
Myers B; Allan G; Bradstock R; Dias L; Duff G; Jacklyn P; Landsberg J; Morrison J; Russell-Smith J; Williams R. 2004. Fire 
management in the rangelands. Tropical Savannas Management CRC: Darwin.
Nagendran R. 2011. Agricultural waste and pollution. In Waste. pp. 341-355.
Nalule S. 2010. Social management of rangelands and settlement in Karamoja. Kampala: FAO.
Napier A; Desta S. 2011. Review of pastoral rangeland enclosures in Ethiopia. PLI.
Njoka T. 1979. Ecological and socio-cultural trends of Kaputiei Group Ranches in Kenya. PhD University of California, 
Bekerley
Noojipady P; Prince SD; Rishmawi K. 2015. Reductions in productivity due to land degradation in the drylands of the 
southwestern United States. Ecosystem Health and Sustainability 1(8):1-15.
21CIAT Working Paper
Notenbaert AM; Davies J; De Leeuw J; Said M; Herrero M; Manzano P; Waithaka M; Aboud A; Omondi S. 2012. Policies in 
support of pastoralism and biodiversity in the heterogeneous drylands of East Africa. Pastoralism: Research, Policy and 
Practice 2(1):14.
Nyamadzawo G; Wuta M; Nyamangara J; Gumbo D. 2013. Opportunities for optimization of in-field water harvesting to 
cope with changing climate in semi-arid smallholder farming areas of Zimbabwe. SpringerPlus 2(1):100.
Nyariki D. 2004. Dryland husbandry for sustainable development in the southern rangelands of Kenya.
Nyberg G; Knutsson P; Ostwald M; Öborn I; Wredle E; Otieno DJ; Mureithi S; Mwangi P; Said MY; Jirström M; Grönvall A. 
2015. Enclosures in West Pokot, Kenya: Transforming land, livestock and livelihoods in drylands. Pastoralism 5(1):25.
Oba G; Kotile DG. 2001. Assessments of Landscape Level Degradation in Southern Ethiopia: Pastoralists vs. Ecologists. 
A Paper Prepared for the International Conference on Policy and Institutional Options for the Management of 
Rangelands in Dry Areas.
Oba G; Post E; Syvertsen PO; Stenseth NC. 2000. Bush cover and range condition assessments in relation to landscape 
and grazing in southern Ethiopia. Landscape Ecology 15(6):535-546.
Okello MM. 2005. Land use changes and human–wildlife conflicts in the Amboseli Area, Kenya. Human Dimensions of 
Wildlife 10(1):19-28.
Oluwole FA; Sambo JM; Sikhalazo D. 2008. Long-term effects of different burning frequencies on the dry savannah 
grassland in South Africa. African Journal of Agricultural Research 3(2):147-153.
Omondi S; Odhiambo M. 2009. Pastoralism, policies and practice in the Horn and East Africa A review of current trends. 
Humanitarian Policy Group Commission Report, Overseas Development Institute, London.
Opiyo FEO; Ekaya WN; Nyariki DM; Mureithi SM. 2011. Seedbed preparation influence on morphometric characteristics 
of perennial grasses of a semi-arid rangeland in Kenya. African Journal of Plant Sciences 5(8):460–468.
Oweis T; Hachum A. 2009. Water harvesting for improved rainfed agriculture in the dry environments. Rainfed 
agriculture: unlocking the potential 7:164.
Peterson FS; Lajtha KJ. 2013. Linking aboveground net primary productivity to soil carbon and dissolved organic carbon 
in complex terrain. Journal of Geophysical Research: Biogeosciences 118(3):1225-1236.
Pickup G. 1998. Desertification and climate change—the Australian perspective. Climate Research 11(1):51-63.
Pinchak WE; Smith MA; Hart RH; Waggoner Jr JW. 1991. Beef cattle distribution patterns on foothill range. Journal of 
Range Management 267-275.
Powell JM; Fernandez-Rivera S; Hiernaux P; Turner MD. 1996. Nutrient cycling in integrated rangeland/cropland systems 
of the Sahel. Agricultural Systems 52(2-3):143-170.
Price D. 1999. What is Overgrazing? Beef (periodical), Primedia Business Magazines, May 1.
Ralphs MH; Kothmann MM; Taylor CA. 1990. Vegetation response to increased stocking rates in short-duration grazing. 
Journal of Range Management 104-108.
Rau BM; Chambers JC; Blank RR; Johnson DW. 2008. Prescribed fire, soil, and plants: burn effects and interactions in the 
central Great Basin. Rangeland Ecology & Management 61(2):169-181. 
Richardson FD; Hahn BD; Hoffman MT. 2005. On the dynamics of grazing systems in the semi-arid succulent Karoo: The 
relevance of equilibrium and non-equilibrium concepts to the sustainability of semi-arid pastoral systems. Ecological 
Modelling 187(4):491-512.
Rija A; Kideghesho J; Mwamende K; Selemani I. 2013. Emerging issues and challenges in conservation of biodiversity in 
the rangelands of Tanzania. Nature Conservation 6, 1.
Schlesinger WH; Reynolds JF; Cunningham GL; Huenneke LF; Jarrell WM; Virginia RA; Whitford WG. 1990. Biological 
feedbacks in global desertification. Science 247(4946):1043-1048.
Selemani IS. 2014. Communal rangelands management and challenges underpinning pastoral mobility in Tanzania: a 
review. Livestock Research for Rural Development 26(78):1-12.
Rangeland Degradation: Causes, Consequences, Monitoring Techniques and Remedies22
Sinha RK; Bhatia S; Vishnoi R. 1997. Desertification control and rangeland management in the Thar desert of India. In 
Rala Report No. 200. pp. 115-123. 
Snelder DJ. 1993. Methods of rangeland improvement and revegetation for denuded, semi-arid savanna areas in the 
Baringo District, Kenya. University Microfilms International.
Snyman HA. 1999. Soil erosion and conservation. In: Tainton NM (ed.). Veld Management in South Africa. University of 
Natal Press, Scottsville, South Africa. pp. 355-380.
Snyman HA. 2003. Revegetation of bare patches in a semi-arid rangeland of South Africa: an evaluation of various 
techniques. Journal of Arid Environments 55(3):417-432.
Sobecki TM; Moffitt DL; Stone J; Franks CD; Mendenhall AG. 2001. A broad-scale perspective on the extent, distribution, 
and characteristics of US grazing lands. In: Follett RF; Kimble JM; Lal R. (Eds). The potential of US grazing lands to 
sequester carbon and mitigate the greenhouse effect. CRC Press LLC. pp. 21-63.
Symeonakis E; Drake N. 2004. Monitoring desertification and land degradation over sub-Saharan Africa. International 
Journal of Remote Sensing 25(3):573-592.
Tan K; Zhang J; Du P. 2012. Research on net primary productivity and soil organic carbon pool in the coal mining area 
of Xuzhou. In: IEEE. Proceedings of the Second International Workshop on Earth Observation and Remote Sensing 
Applications (EORSA), Shanghai, China, 8-11 June 2012. pp. 64-68. 
Teague WR; Dowhower SL; Baker SA; Haile N; DeLaune PB; Conover DM. 2011. Grazing management impacts on 
vegetation, soil biota and soil chemical, physical and hydrological properties in tall grass prairie. Agriculture Ecosystems 
and Environment 141:310e322.
Tebeje BE; Gilo BN; Kawo ST; Liban JD. 2014. Effect of reseeding of Rhodes grass on the restoration of degraded 
rangeland of Borana, Southern Ethiopia. Direct Research Journal of Agriculture and Food Science 2(7):102-106.
Tefera B; Ayele G; Atnafe Y; Jabbar MA; Dubale P. 2002. Nature and causes of land degradation in the Oromiya Region: A 
review. Socio-economics and Policy Research Working Paper 35. ILRI (aka ILCA and ILRAD). Nairobi, Kenya. 82 p.
Thenkabail PS; Gamage MSDN. 2004. The use of remote sensing data for drought assessment and monitoring in 
Southwest Asia (Vol. 85). IWMI.
Tueller PT. 1989. Technology for rangeland management. Invited Synthesis Paper. Journal of Range Management 
42(6):442.
UNEP GoK. 2006. Kenya drought impacts on agriculture, livestock and wildlife. Nairobi: United Nations Environment 
Programme, Department of Resource Surveys and Remote Sensing. 82 p.
van der Westhuizen HC; Van Rensburg WLJ; Snyman HA. 1999. The quantification of rangeland condition in a semi-arid 
grassland of southern Africa. African Journal of Range and Forage Science 16(2-3):49-61.
van Langevelde F; van de Vijver C; Kumar L; van de Koppel J; de Ridder N; van Andel J; Skidmore AK; Hearne JW; 
Stroosnijder L; Bond WJ; Prins HHT; Rietkerk M. 2003. Effects of fire and herbivory on the stability of savanna 
ecosystems. Ecology 84(2):337– 350. 
Vanderpost C; Ringrose S; Matheson W; Arntzen J. 2011. Satellite based long-term assessment of rangeland condition in 
semi-arid areas: An example from Botswana. Journal of Arid Environments 75(4):383-389.
Verdoodt A; Mureithi SM; Ye L; Van Ranst E. 2009. Chronosequence analysis of two enclosure management strategies in 
degraded rangeland of semi-arid Kenya. Agriculture, Ecosystems & Environment 129(1-3):332-339.
Wang G; Ding Y; Shen Y; Lai Y. 2003. Environmental degradation in the Hexi Corridor region of China over the last  
50 years and comprehensive mitigation and rehabilitation strategies. Environmental Geology 44(1):68-77.
Webb RH. 2010. Repeat photography: methods and applications in the natural sciences. Island Press.
Wessels KJ; Prince SD; Carroll M; Malherbe J. 2007. Relevance of rangeland degradation in semiarid northeastern South 
Africa to the nonequilibrium theory. Ecological Applications 17(3):815-827.
Willis J. 1999. Enkurma Sikitoi: Commoditization, drink, and power among the Maasai. The International Journal of African 
Historical Studies 32(2/3):339–357. doi:10.2307/220345
23CIAT Working Paper
Woodfine A. 2009. Using sustainable land management practices to adapt to and mitigate climate change in  
sub-Saharan Africa: Resource Guide Version 1.0. TerrAfrica, Washington DC, USA.
WTTC (World Travel and Tourism Council). 2018. Travel and Tourism Economic Impact 2018 Tanzania. Retrieved from 
http://bit.ly/2OhpBag
Xiaolei J. 1998. Researches on vegetative evenness in relation to the population density of plateau pika. Acta Pratacultura 
Sinica 7(1):60-64.
Xie R; Wu X. 2016. Effects of grazing intensity on soil organic carbon of rangelands in Xilin Gol League, Inner Mongolia, 
China. Journal of Geographical Sciences 26(11):1550-1560.
Yayneshet T; Eik LO; Moe SR. 2009. The effects of exclosures in restoring degraded semi-arid vegetation in communal 
grazing lands in northern Ethiopia. Journal of Arid Environments 73(4-5):542-549. 
Yesuf M; Di Falco S; Deressa T; Ringler C; Kohlin G. 2008. The impact of climate change and adaptation on food 
production in low-income countries: evidence from the Nile Basin, Ethiopia. International Food Policy Research 
Institute (IFPRI).
Yong-Zhong S; Yu-Lin L; Jian-Yuan C; Wen-Zhi Z. 2005. Influences of continuous grazing and livestock exclusion on soil 
properties in a degraded sandy grassland, Inner Mongolia, northern China. Catena 59(3):267-278.
Zeng B; Yang TB. 2008. Impacts of climate warming on vegetation in Qaidam Area from 1990 to 2003. Environmental 
Monitoring and Assessment 144(1-3):403-417.
Zerga B. 2015. Rangeland degradation and restoration: a global perspective. Point Journal of Agriculture and Biotechnology 
Research 1:37-54.
Zewdie E. 1999. Selected physical, chemical and mineralogical characteristics of major soils occurring in Chercher 
highlands, eastern Ethiopia. Ethiopian Journal of Natural Resources 1(2):173-185.
Zhenyu Y; Xiaolei J. 2002. The harm of plateau Pika on grassland vegetation and its control threshold value. Canye Kexue 
19(4):63-65.

Regional Office for Africa
c/o ICIPE
Duduville Campus, 
Off Kasarani Road
P.O. Box 823-00621
Nairobi, Kenya
Phone:  +254 0709134000
Fax:  +254 20 8632001
CONTACT
Debisi Araba, Regional Director
      a.araba@cgiar.org
Regional Office for Asia
c/o Agricultural Genetics Institute (Vien Di Truyen Nong Nghiep), 
Vietnam Academy of Agricultural Sciences (VAAS),  
Pham Van Dong Street, Tu Liem  
(opposite the Ministry of Security – Doi dien voi Bo Cong An) 
Hanoi, Vietnam 
Phone:  +844 37576969
CONTACT
Dindo Campilan, Regional Director
      d.campilan@cgiar.org
Headquarters and Regional Office for  
Latin America and the Caribbean
Km 17 Recta Cali–Palmira CP 763537
Apartado Aéreo 6713
Cali, Colombia
Phone:  +57 2 4450000
Fax:  +57 2 4450073
General e-mail: ciat@cgiar.org
CONTACT 
Ruben Echeverría, Director General
Carolina Navarrete, Regional Director
      c.navarrete@cgiar.org
Regional Office for Central America
Planes de Altamira,  
de Pizza Hut Villa Fontana 1 cuadra al oeste
Edificio CAR III, 4to. Piso
Apartado Postal LM-172
Managua, Nicaragua
Phone:  +505 2 2993011 / 22993056
CONTACT
Jenny Wiegel, Regional Coordinator
      j.wiegel@cgiar.org
www.cgiar.org
A CGIAR Research Center
      ciat.cgiar.org
